Introduction
The omega (⍀) loop region is known from studies of the TEM-1 structure to be implicated in substrate specificity. The roles of amino acids 161-179 in modulating ceftazidime resistance and hydrolysis in the PSE-4 ⍀ loop are different from those in TEM-1. 1 As a model for class A enzymes capable of hydrolysing carbenicillin at a high rate, we used the plasmid-mediated prototype PSE-4 -lactamase from Pseudomonas aeruginosa strain Dalgleish. 2 We present data to attempt to define the role of ⍀ loops in class A -lactamases by replacing the PSE-4 ⍀ loop with those from TEM-1, SHV-1 and Streptomyces albus enzymes using a cassette mutagenesis method. The results of these experiments are supported by phenotypic and biochemical analysis.
Materials and methods
Escherichia coli JM101 (supE, thi (⌬lac-proAB), FЈ, traD36, proAB, lacI q ZDM15) was the recipient strain for construction and production of single strand DNA for mutagenesis and sequencing. E. coli DH5␣ (supE44 ⌬lacU169 (80, lacZ⌬M15) hsdR17 recA1 endA1 gyrA96 thi-1 relA1) was the recipient strain for -lactamase plasmids and MIC determinations. All proteins were expressed in E. coli BL21(DE3 F -ompT r b -m b -) strain (Novagen, Madison, WI, USA). The plasmid pMON711 containing bla PSE-4 was used to perform cassette mutagenesis as previously described. 3 Preparation of DNA and related techniques are standard methods. 4 The replacements of the bla PSE-4 nucleotide sequences coding from D163 to T179 with the TEM, SHV and S. albus G ⍀ loops was performed by ligation of each respective ⍀ loop DNA fragment into pMON711 previously digested with XbaI and Bsu36I enzymes and dephosphorylated. The synthetic ⍀ loops contained XbaI-Bsu36I cohesive ends prepared by annealing of two complementary oligonucleotides. 5 Three different fragments were constructed as complementary DNA strands using six oligonucleotides to create the TEM-1, SHV-1 and S. albus G -lactamase ⍀ loops. Screening of mutants was performed by nucleotide sequencing. The structural genes of selected clones containing bla PSE-4 with desired mutations were completely sequenced. Minimum inhibitory concentrations (MICs), -lactamase purifications and determination of kinetic constants were achieved as previously described. 
Results
In general, the differences in MICs (Table I) three PSE-4 ⍀ loop mutants represent one dilution (twofold), which cannot be considered significant.
There were no significant variations in the level of expression for the mutant enzymes compared with wildtype PSE-4, as revealed by Western transfer experiments using an anti-PSE-4 polyclonal antibody (data not shown).
The kinetic parameters for the wild-type PSE-4 and the PSE-4 ⍀ loop mutants are shown in Table II . In general, the differences between PSE-4 mutant enzymes and the wild-type show four-fold variation, which cannot be considered as significant.
The data obtained by circular dichroism indicated no significant differences in the global secondary structures of PSE-4 ⍀ loop mutants compared with wild-type PSE-4 (data not shown).
Discussion
In this study we wanted to determine whether the PSE-4 ⍀ loop could be replaced by homologous ⍀ loop amino acid sequences from TEM, SHV and S. albus enzymes. We anticipated that these ⍀ loops from other class Alactamases would presumably maintain hydrolysis without greatly impinging on hydrolytic activity against -lactams. At the same time, we expected that such enzymatic combinatorial biochemistry could define the roles of specific amino acids in the PSE-4 ⍀ loop for preferential hydrolysis of specific substrates such as carbenicillin compared with ampicillin. As expected, all -lactamase mutants conserved high levels of resistance against penicillins. Minimum inhibitory concentrations of carbenicillin for ⍀ loop mutants were not significantly different from those of wild-type PSE-4. Differences in the kinetic parameters of carbenicillin were not sufficient to affect activity against all mutants. Altogether, these results showed that the ⍀ loop is not involved in the substrate specificity of carbenicillin in PSE-4 and support the random replacement mutagenesis data of PSE-4 ⍀ loop. 1 In vivo resistance to ampicillin decreased two-fold for ⍀ loop mutants; these results agreed with catalytic efficiencies, which also decreased between two-and four-fold for PSE-4 mutant enzymes. All mutants had an increase in K m and no significant changes in k cat . We postulate that of the I165W, N168Q, G172A and L174P substitutions, maybe one, several or all changes could be responsible for the increase of K m with ampicillin, because all these substitutions were present in all mutants. Position 165 was identified among invariant residues responsible for ampicillin or carbenicillin hydrolysis in PSE-4.
1 Piperacillin has a large side-chain like oxacillin but substitutions in the ⍀ loop did not affect MICs for piperacillin as with oxacillin; this result can be explained only by the fact that the ⍀ loop does not play a role in substrate specificity for hydrolysis of piperacillin in PSE-4.
The lower MIC values with oxacillin for PSE-4 and PSE-518 Table I 
Omega-loop PSE-4 mutagenesis
4 ⍀ SHV compared with those of PSE-4 ⍀ TEM and PSE-4 ⍀ S. albus G can be explained by similar residues common in PSE-4 ⍀ TEM and PSE-4⍀ S. albus G and not found in PSE-4 ⍀ SHV and wild-type PSE-4. There are two P167 and P174 residues in PSE-4 ⍀ TEM and in PSE-4 ⍀ S. albus G. We suggest that P167T substitution in PSE-4 ⍀ SHV could modify interactions with oxacillin and explain the decreasing levels of resistance. The presence of two proline residues in the PSE-4 ⍀ TEM and PSE-4 ⍀ S. albus G mutants could modify the topology of the active site and enhance the hydrolytic activity of PSE-4 ⍀ TEM and PSE-4 ⍀ S. albus G for oxacillin; a situation reminiscent of TEM-1 with ceftazidime. 6 The levels of resistance to cephaloridine and cefoperazone were not greatly modified, suggesting that none of the ⍀ loop shufflings was important for changes in hydrolysis of these antibiotics.
The ⍀ loop replacement experiments done in PSE-4 demonstrated that even if the PSE-4 active site is significantly different from TEM-1 and other -lactamases, 1, 3, 7 the ⍀ loop replacements can be made without significant changes in hydrolytic activity towards -lactams. Based upon these results, the ⍀ loop deletions 8 and replacements which demonstrated the importance of E166 in the deacylation step, 9 the structural role of the PSE-4 ⍀ loop is to position correctly the residue E166 for the deacylation step. 
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